A key innovation in the history of whales was the evolution of a sonar system together with high-frequency hearing. Fossils of an archaic toothed whale's inner ear bones provide clues for a stepwise emergence of underwater echolocation ability.
Whales are one of the most impressive examples of a radical evolutionary transition to a new environment. Starting with a terrestrial ancestor, more than 55 million years ago, the ancestors of whales and dolphins progressively invaded aquatic habitats. This invasion was accompanied by countless changes, impacting underwater locomotion, predation techniques and sensory organs [1] . Among these acquisitions, the emergence of an echolocation system in the toothed whales, the odontocetes, undoubtedly played a major role in the evolutionary success of the group, allowing beaked whales, dolphins, porpoises and sperm whales to venture into low visibility waters, such as great oceanic depths or turbid rivers. However, the evolution of the underwater sonar has been relatively poorly studied from a deep time perspective. Although echolocation ability was experimentally demonstrated in only a few extant species, anatomical correlates for the production (phonic lips in the forehead), transmission (through the melon giving the dolphins' forehead its typical outline) and reception (via a fat pad in the mandible) of ultrasonic sounds are found in all modern odontocetes ( Figure 1 ) [2] [3] [4] [5] . Ultrasound production distinguishes the odontocetes from the non-echolocating mysticetes. The mysticetes possess a specialized filtering device themselves: baleen -keratin plates and bristles hanging from the upper jaw, allowing the simultaneous capture of a large amount of small prey. Moving back in time, the external cranial morphology of many fossil odontocetes suggests that at least part of the soft tissue structures involved in sound production and propagation were present in many extinct odontocetes, including early Oligocene (34-28 million years ago) taxa [6, 7] . However, until now only a few studies have focused on the hearing abilities of archaic whales (archaeocetes) and early odontocetes [8] [9] [10] [11] , providing only a limited amount of data for deciphering the first steps of the evolution of the high-frequency sensitive ears required for an efficient sonar system. In a paper in this issue of Current Biology, Morgan Churchill and colleagues [12] describe a new archaic odontocete from late Oligocene (27-24 million years ago) marine deposits of South Carolina and compare its inner ear morphology to a broad range of extinct and extant whales. This comparison provides new clues for the evolution of ultrasonic hearing in odontocetes.
Based on a beautifully preserved, almost complete skull, Churchill and colleagues [12] name the newly discovered species Echovenator (the 'echo hunter'). With a small body size of about 1.5 m, it is a new member of the extinct whale family Xenorophidae. A phylogenetic analysis confirms xenorophids as the earliest branching odontocete clade. Importantly, the ear bones of Echovenator are finely preserved, and the periotic (inner ear bone) could be detached from the rest of the skull and scanned at high resolution. With the three-dimensional reconstruction of the inner ear spaces, including the cochlea and the semicircular canals (organ of balance), the authors could ultimately take a series of measurements to compare Echovenator's ear to those of echolocating and non-echolocating whales. The cochleae of 23 additional fossil and modern whales plus two hippos (sister-group of whales in most recent phylogenetic analyses) were similarly reconstructed. This is by far the largest sample ever gathered for the investigation of hearing abilities in whales. Several parameters of the inner ear of Echovenator -for instance the length of the bony lamina supporting the basilar membrane, the proportions of the cochlea and the number of its turns -are within the range of what is found in extant odontocetes. Echovenator's ear thus most likely supported ultrasonic hearing. Statistical analyses group the new xenorophid Echovenator with the echolocating odontocetes, though at the edge of the domain defined by extant odontocetes, as proposed in another, very recent study [11] .
If basilosaurids -the most derived, fully marine archeocetes of the middle to late Eocene, including the ancestors of mysticetes and odontocetes like the iconic Basilosaurus -are taken into account, Echovenator appears to be an intermediate between the basilosaurids and all other sampled odontocetes. Echovenator shares with basilosaurids, for example, a smaller spiral ganglion canal (probably corresponding to a lower number of ganglion cells and suggesting less signal processing capability compared to modern dolphins). Surprisingly, in the statistical analysis of inner ear shape by Churchill and colleagues [12] the two basilosaurids analysed do not group with baleen whales and hippos. This statistical separation is interpreted as an indication for some degree of high-frequency hearing ability in the last common ancestor of mysticetes and odontocetes. Mapping all the results on the phylogenetic tree of whales, Churchill and colleagues [12] propose the following, stepwise scenario: high frequency hearing appears in basilosaurids (or before); it is co-opted for echolocation in odontocetes, including xenorophids; further improvements of the hearing abilities are detected in odontocetes more derived than xenorophids; and finally at least part of the mysticetes lose the ability to hear high frequencies.
In addition to the great state of preservation of Echovenator, allowing The beluga (Delphinapterus leucas) displays the typical odontocete forehead revealing the presence of the melon, the soft-tissue structure focusing the high-frequency echolocation sounds in toothed whales.
the elaboration of a robust phylogenetic background, a major asset of this study is to have assembled a taxonomically broad sample with a well-defined and uniform set of parameters, allowing relevant comparisons between distantly related taxa. Obviously, filling one or several gaps in the evolutionary history of such a highly sophisticated biological tool as the odontocete sonar leads to the appearance of new, hopefully smaller gaps. On the archaeocete side of the story, it becomes clear that more archaic, amphibious whales (e.g., protocetids and remingtonocetids) should be added to the analysis. Those would potentially help understanding when and why some archaeocetes acquired the ability to process high-frequency sounds, seemingly in a non-echolocating context, perhaps for underwater communication? Also, data on ear bones of early tooth-bearing mysticetes are needed, to pinpoint the ecological and functional context that caused the loss of high-frequency hearing in the baleen whale clade. Extant members of this group perform low-frequency communication sounds travelling on much longer distances than ultrasounds, and their feeding strategies depart markedly from those of early mysticetes, which presumably lacked baleen [13, 14] . Finally, convergent changes in the skull morphology occurring among xenorophids and in the lineage leading to modern odontocetes have been interpreted as indicators of an independent refinement of the sonar system -especially of the production and propagation parts -in these two clades [7] . Additional data on the cochlea of other early odontocetes would allow testing of this hypothesis, focusing on the hearing part of this complex system.
